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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a time slot 
assignment method and apparatus in a mobile 
communication system employing a radio communication 
method using a TDMA and TDD scheme. 

DESCRIPTION OF THE RELATED ART 

A TDD (Time Division Duplex) scheme is an access 
scheme that implements uplink channels and downlink 
channels by time dividing bit stream as resources to 
be transmitted in a single frequency band, and by 
assigning them to the uplink/ downlink. The TDD scheme 
is generally used with a multiplexing scheme such as 
TDMA (Time Division Multiple Access) and CDMA (Code 
Division Multiple Access). 

At present, with respect to the IMT-2000 CDMA TDD 
scheme (the access scheme of which is CDMA and TDMA 
and TDD), the standard of which the ITU (International 
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Telecommunication Union) is currently creating, the 
scheme is being studied that adaptively changes time 
slot assignments to the uplink/ downlink channels 
according to the traffic or the like. A conventional 
5 technique will be described by way of example of the 
IMT-2000 CDMA TDD scheme. 

Fig, 1 illustrates a frame structure of the IMT- 
C 2000 CDMA TDD scheme. In this figure, DLs 101 are 

O time slots assigned to downlink channels, and Uls 102 



10 are time slots assigned to uplink channels. 



lij Conventionally, the numbers and positions of the time 

slots in a frame to be assigned to the uplink/downlink 



are set in advance. 
^ In the example of Fig, 1, the number of time 

O 15 slots assigned to the uplink and downlink are seven 



and eight, respectively. Their positions are 
established in the first half and second half of 
divided two parts in the frame so that a switching 
point (called "SP" from now on) is one. Although the 

20 number of the SP is one in the example of Fig. 1, it 
is not necessarily limited to one. 

When an assignment request occurs, and if a 
required uplink/ downlink time slot is available, the 
time slot is assigned considering the interference 

25 level and the like between the time slots. 

Since the TDD scheme uses the same frequency for 
the uplink/downlink channels, when uplink and downlink 
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channels are simultaneously assigned in adjacent 
areas, an interference wave from a mobile station in 
the adjacent area can be greater than a desired 
downlink wave in the present area, and hence the 
mobile station suffered from the interference has a 
problem of quality degradation in the time slots. 
Here, the area refers to a minimum region to which the 

time slot is assigned. 

Figs. 2A and 2B are diagrams illustrating the 
effect of the interference wave in the adjacent areas, 
in the example, a minimum region to which the time 
slots are assigned is assumed to be belonging to a 
Single base station. Fig. 2A illustrates a case where 
the adjacent areas uses the same numbers and positxons 
of time slots in common; and Fig. 2B illustrates a 
case Where the adjacent areas uses different numbers 
and positions of time slots. 

in Fig. 2A, as for a mobile station 201, a signal 
transmitted from a base station 202 is a desired wave, 
and a signal transmitted from a base station 204 is an 

interference wave. 

in an example as shown in Fig. 2B, an uplink 
channel from a mobile station 201 is assigned to the 
area under the base station, and at the same time a 
S downlink Channel to the mobile station 201 is assigned 
to the area under another base station. Thus, as for 
the mobile station 201, a signal transmitted from the 
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base station 202 is a desired wave, and a signal 
transmitted from the mobile station 203 becomes an 
interference wave, thereby increasing the interference 
to the mobile station 201. 
5 In view of this, the numbers and positions of the 

time slots of the uplink/downlink assignment are 
changed not on an area by area basis, but on a system 

Q by system basis. In this case, the system refers not 

^ only to a system comprising a plurality of base 

10 stations under a single radio network controller, but 

W also to a system comprising a plurality of base 

stations under a plurality of radio network 

L controllers, 

rf The conventional time slot assignment, however, 

G 15 has a problem in that since the numbers of the time 
slots assignable to the uplink and downlink are 
uniquely determined for the system, even if downlink 
traffic increases markedly and the uplink includes 
available time slots, they cannot be assigned to the 
20 downlink channels . 

In addition, it has another problem in that the 
time slot arrangement of the entire system must be 
changed to cope with the asymmetry between the 
uplink/ downlink traffic of an area. 
25 Moreover, changing the time slot assignments to 

up link /down link channels for each base station 
independently will result in the quality degradation 
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because of the interference from mobile stations in 
adjacent areas. 



SUMMARY OF THE INVENTION 

5 

Therefore, an object of the present invention is 
to provide a time slot assignment method in a mobile 
Q communication system and a time slot assignment 

apparatus in a mobile communication system capable of 
10 limiting the interference from mobile stations in 
adjacent areas to a minimiim. 
^ According to a first aspect of the present 

L invention, there is provided a time slot assignment 

^; method in a mobile communication system employing a 

M 15 TDMA and TDD scheme that assigns time slots, which are 
formed by time dividing a frame of a frequency band, 
to uplink channels and downlink channels, the time 
slot assignment method in a mobile communication 
system comprising the steps of: giving uplink or 
20 downlink priorities to all the time slots in the 

freime? receiving a time slot assignment request from 
at least one of the uplink channels and the downlink 
channels; and assigning the time slots in the frame in 
response to the time slot assignment request received 
25 at the receiving step, in accordance with the 
priorities given at the giving step. 

Thus, it can assign the time slots on an area by 
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area basis in accordance with the state of the 
traffic^ interference and the like, thereby making it 
possible to Increase the efficiency of the frequency. 
Here, the giving step may give the same priority 
5 to a plurality of the time slots Included in the 
frame. 

Thus, it can increase the efficiency of the 
p frequency even when the number of the time slots has 

the upper/ lower limit in the assignment of the 

fn 

10 uplink/downlink channels in the system. 
W The giving step may store the given priorities in 

s a memory means, and the assigning step may assign the 

time slots in the frame in accordance with the 
properties stored in the memory means. 
15 Thus, it can carry out the time slot assignment 

on an area by area basis without changing the numbers 
of the uplink and downlink time slots on a system by 
system basis. 

According to a second aspect of the present 
20 invention, there is provided a time slot assignment 

apparatus in a mobile communication system employing a 
TDMA and TDD scheme that assigns time slots, which are 
formed by time dividing a frame of a frequency band, 
to uplink channels and downlink channels, the time 
25 slot assignment apparatus in a mobile communication 
system comprising: memory means for storing uplink or 
downlink priorities of all the time slots in the 
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frame; receiving means for receiving a time slot 
assignment request from at least one of the uplink 
channels and the downlink channels; and assignment 
means for assigning the time slots in the frame in 
5 response to the time slot assignment request received 
by the receiving means, in accordance with the 
priorities store in the memory means. 

Here, the memory means may give the same priority 
^ to a plurality of the time slots included in the 

U1 10 frame. 

y The assignment means may decide the priorities of 

^ the time slots to be assigned in accordance with the 

fj priorities stored in the memory means. 

According to the present invention, the number of 
O 15 the time slots to be assigned is adaptively determined 
in accordance with the traffic state. 

More specifically, the number of the time slots 
to be assigned is not predetermined, but the time 
slots are given priorities so that they are assigned 
20 in accordance with the priorities. 

In this case, the same priority can be assigned 
to a plurality of time slots. Thus, the numbers of 
the uplink/ downlink time slots can be varied 
adaptively in accordance with the traffic state. In 
25 addition, giving lower priorities to the time slots 

that are likely subjected to the interference from the 
mobile stations in the adjacent areas makes it 
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possible to limit the interference to a minimum. 

Therefore, assigning the time slots on an area by 
area basis when the traffic increases markedly can 
achieve the time slot assignment to the 
uplink/downlink channels in response to the required 
traffic, thereby making it possible to utilize the 
frequency with high efficiency. Furthermore, the 
interference from the mobile stations in the adjacent 
areas can be limited to a minimum. 



10 According to the present invention, the time slot 

W assignmient is possible in response to the traffic and 

3 interference on an area by area basis, thereby 

increasing the efficiency of the frequency. 
ri The above and other objects, effects, features 

Q 15 and advantages of the present invention will become 
more apparent from the following description of 
embodiments thereof taken in conjunction with the 
accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is a diagram illustrating a frame 
structure of a conventional TDD system; 

Figs. 2A and 2B are diagrams illustrating the 
25 effect of interference waves in adjacent areas; 

Fig. 3 is a diagram showing an example of 
priorities assigned to individual time slots in a 
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frame structure of a TDD system; 

Fig* 4 is a diagram showing another example of 
priorities assigned to individual time slots in a 
frame structure of a TDD system; 
5 Fig. 5 is a functional block diagram of a time 

slot assignment apparatus in accordance with the 
present invention ; 

Fig. 6A^ 6B, 6C and 6D are diagrams showing 
creating procedures in comparing processing carried 
10 out in the time slot assignment apparatus, wherein 
Fig. 6A shows a table of priority. Pig. 6B shows a 
current frame. Fig. 6C shows the priority determined 
'by the comparing processing, and Fig. 6D shows a state 
of a frame stored in an assignable time slot database; 
15 Fig. 7 is a diagram showing an example of 

priorities assigned to individual time slots in a 
frame structure of a TDD system; 

Fig. 8 is a diagram showing another example of 
priorities assigned to Individual time slots in a 
20 frame structure of a TDD system; and 

Fig. 9 is a flow chart showing a time slot 
assignment method according to an embodiment. 



25 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiments in accordance with the 
present invention will now be described in detail with 
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reference to the accompanying drawings. In the 
following embodiments, although a CDMA scheme (CDMA 
and TDMA) is taken as an example, the access scheme is 
also effective for TDMA or CDMA. 
(First Embodiment) 

Figs. 3 and 4 each show an example of priorities 
assigned to individual time slots in a frame structure 
of a TDD system. Here, a TDD system with 15 time 
slots per frame is taken as an example. 

In Figs. 3 and 4, the letter ''U" in the time 
slots represents an uplink, the letter '"D" represents 
a downlink, and a number following these letters 
represents the priority. These are examples of a 
frame structure of an uplink/ downlink with a single SP 
{ switching point ) . 

In the example of Fig. 3, uplink priorities are 
assigned to the time slot numbers #1-#15 in ascending 
order, and downlink priorities are assigned to the 
time slot numbers #15 -#1 in descending order. On the 
other hand, in the example of Fig. 4, the priorities 
are assigned at random. The priorities assigned to 
the individual time slots in the frame can be either 
common to a system or proper to each area in the 
system. 

Fig. 5 is a functional block diagram of a time 
slot assignment apparatus in accordance with the 
present embodiment. A time slot assignment apparatus 
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500 can be implemented not only as a part of a base 
station, but also as a part of a control apparatus, a 
higher-order apparatus of the base station. 

As shovm in Fig. 5, the time slot assignment 
5 apparatus 500 comprises a time slot management section 
501; and a priority database 502 and an assignable 
time slot database 503 which are looked up by the time 
slot management section 501. The priority database 
O 502 stores in advance a table indicating the priority 

111 10 of the time slot assignment. On the other hand, the 
y assignable time slot database 503 stores a table 

g.' indicating the state of a current frame, that is, 

available time slots in the frame, and updates it at 
J { fixed intervals and every time the time slot 

O 15 assignment processing terminates. 

Next, we will describe time slot assignment 
method executed by the time slot assignment apparatus 
500 with reference to Fig. 9. 

Firstly, uplink or downlink properties are given 
20 to all the time slots in the frame by the time slot 
management section 501 (S902). Next, a table 
indicating the priorities of the time slot assignment 
is created on the basis of the given priorities by the 
time slot management section 501 (S904). The created 
25 table is stored in the time slot database 502. 

When a signal transmitted via an uplink or 
downlink makes a time slot assignment request in step 
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S906, the time slot management section 501 compares 
currently available time slots which are stored in the 
assignable time slot database 503 with the priority 
table which is stored in the priority database 502 and 
5 has the contents as shown in Fig. 3 or 4, and decides 
the assignable time slots to the uplink and downlink, 
respectively (S908) . Then, the time slot management 
P section 501 sequentially assigns to the channels the 

% time slots which are not yet assigned and have higher 

^ 10 priorities in the table stored in the assignable time 
W slot database 503. 

Si Fig. 6A, 6B, 6C and 6D illustrate concrete 

Lfe processing procedures the time slot assignment 

^1 apparatus carries out. The priority database 502 in 

15 the time slot assignment apparatus 500 stores the 
priority table as shown in Fig. 6A. On the other 
hand. Fig. 6B shows the current frame stored in the 
assignable time slot database 503, in which four slots 
#1, #2, #6 and #8 have already been assigned to the 
20 uplink channels • 

Receiving a time slot assignment request for 
three slots to downlink channels, the time slot 
management section 501 compares the priority table as 
shown in Fig. 6A with the available time slots as 
25 shown in Fig. 6B, and decides the priorities of the 

time slots to be assigned next to the already assigned 
time slots. Fig. 6C shows the priorities decided as a 
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result of the comparing processing. For example, as 
for the uplink channels, the old priorities 5-15 are 
shifted to new priorities 1-11, respectively. As for 
the downlink channels, the comparing processing is 
carried out in a similar manner. 

As a result of the comparing processing, the time 
slot management section 501 assigns to the downlink 
channels the time slots with higher priorities, that 
is, the time slots with the numbers #3, #13 and #11. 

Finally, the time slot management section 501 
stores the table indicating the state of the current 
frame into the assignable time slot database 503. 
Fig. 6D shows the contents of the table. 

When an increasing number of downlink time slots 
is required in a particular area, the time slot 
assignment apparatus 500 as shown in Fig. 5 can assign 
the time slots with lower priority in the downlink 
assignable time slot table, thereby making it possible 
to increase the number of the downlink time slots. 

Therefore, when the uplink and downlink traffic 
voliames differ from each other because of the 
asymmetry, the time slot assignment on an area by area 
basis is possible without changing the numbers of the 
uplink/downlink time slots on a system by system 
basis. Thus, the time slot assignment is possible 
according to the traffic, interference and the like, 
making it possible to efficiently utilize the 
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frequency . 

In addition, assigning low priorities to the time 
slots that are likely to suffer interference from the 
mobile stations in the adjacent areas can limit the 
5 interference to a minimum. 
(Second Embodiment) 

The present embodiment differs from the foregoing 
embodiment in that the number of the uplink or 
downlink time slots has an upper limit or lower limit 
10 in the system. An example of assignment priorities to 
such time slots will be described by way of example of 
a TDD system, the number of the time slots of which is 
assumed to be 15. 



O Fig. 7 shows an example of priorities assigned to 

H 

O 15 the individual time slots in a frame structure of the 
TDD system. In the example as shown in Fig. 7, it is 
assumed that the lower limits of the niambers of the 
time slots defined in the system are three for the 
uplink, and eight for the downlink, and they have the 

20 highest priority in the uplink/ downlink time slots. 
As for the remaining time slots, they are assigned 
priorities at random . 

Fig. 8 shows another example of priorities 
assigned to the individual time slots in a frame 

25 structure of the TDD system. In the example as shown 
in Fig. 8, it is assumed as in Fig. 7 that the lower 
limits of the numbers of the time slots defined in the 
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system are three for the uplink, and seven for the 
downlink, and they have the highest priority in the 
uplink/ downlink time slots. The remaining time slots 
are divided into asymmetrical groups, and are assigned 
priorities each. The time slots included in each 
group are not necessarily consecutive. 

In the priority assignment as shown in Figs. 7 
and 8, the time slots of the lower limit numbers 
predetermined in the system are given the highest 
priority, and the remaining time slots are give lower 
priorities . 

In other words, the groups of the time slots with 
the highest priority are considered the time slots 
dedicated to uplink/ downlink channels, with the 
remaining time slots being assigned the priority in 
the same manner as in the foregoing embodiment. 

To achieve the time slot assignment according to 
the priority of the present embodiment, the time slot 
assignment apparatus 500 as shown in Fig. 5 is usable. 
Specifically, the priority table with the contents as 
shown in Fig. 7 or 8 is stored in the priority 
database 502 in the time slot assignment apparatus 500 
as shown in Fig. 5. The subsequent processing is the 
same as that of the foregoing embodiment . 

With such processing, the present embodiment can 
offer an advantage similar to that of the foregoing 
embodiment, even if the lower limit or upper limit of 
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the number of the uplink/dovmllnk time slots to be 
assigned is predetermined in the system. 

The present invention has been described in 
detail with respect to preferred embodiments, and it 
will now be apparent from the foregoing to those 
skilled in the art that changes and modifications may 
be made without departing from the invention in its 
broader aspects, and it is the intention^ therefore, 
in the appended claims to cover all such changes and 
modifications as fall within the true spirit of the 
invention. 
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